In the mandatory health insurance market in Switzerland, a range of insurers offer policies that differ in characteristics like premium and service level while benefits are the same and regulated by law. In this paper, we give an overview of the market and analyse the relationship between insurers' characteristics and the evolution of their market shares. Indeed, in view of substantial differences between the players, the risk that policyholders change their provider is important. We develop a linear model with two-sided lognormally distributed errors and use publicly available data on the Swiss mandatory health insurance market for the years from 2002 to 2015. Thereby we identify and quantify the main drivers for the policyholders' switching behavior that reflect in changes in market shares. The results suggest that market share changes are particularly linked to the difference between an insurer's premium and the overall market premium. In addition, the difference to the previous year's premium also has an impact on the market share while the service level as well as the group affiliation of a provider turn out not be significant in explaining annual market share changes.
Introduction
Health insurance systems around the world face major challenges including increasing expenditures and a growing number of elderly leading to a growth of premiums that lies above GDP's growth. According to the OECD Health Statistics Groninger and Lacher (2017) , the average expenditure for health-related services in 2016 was 9% of the GDP in OECD countries. In Switzerland it increased from 9.4% in 1999 to 12.4% in 2016 and in the US it amounted to 17.2% in 2016. While the GDP in Switzerland only grew by 90% and the population by 23% from 1990 to 2014, overall healthcare costs grew by 165% in the same period.
In this paper, we are interested in better understanding the development of health insurers' size and to link this evolution to the pricing decisions in the mandatory health insurance market in Switzerland. We formulate a model for the impact of the premium decisions on the individual insurer's market share and test it on publicly available data. In fact, insurers operate in a competitive and highly regulated market that has gone through a process of consolidation and a major reduction of the number of players over the last years. Decreasing lapse risk from existing customers and attracting the better risks are strategic concerns. There are numerous studies in different countries regarding the influence of price changes, service level, number of available insurance plans, the health situation and the age of the insureds on the health plan consumer's choice. Schut et al. (2003) compare the switching behaviour of insureds in Germany and in the Netherlands. They show that in Germany, insureds react more sensitively to an increase of premium than in the Netherlands. They also find that older policyholders are less sensitive to increasing premiums than younger ones. Christiansen et al. (2016) analyse the policyholders' switching behaviour in the German private health insurance market. Their findings show that a premium change and its adjustment frequency relate to the switching behaviour of customers between insurers. Schmitz and Ziebarth (2017) use field data to test the effect of price framing on the switching rates in the German health insurance market. They find that presenting differences between the insurer's premium and a federal reference premium in absolute Euro values instead of percentage points of the gross salary, results in increasing switching rates. In the Dutch health insurance market, Boonen et al. (2015) test the effect of premium and quality rating of the insurer on the switching decision of the insureds. Other studies such as Strombom et al. (2002) and Goldman et al. (2004) also investigate the effect of the price on the insureds' health insurance choice. Schmeiser (2014) study the perception of risk factors and gender-related price differences in several European countries and insurance products including Switzerland and health insurance. A game-theoretic approach to model pricing decisions and lapse rates of policyholders as a function of the different players' premium decisions is suggested by Dutang et al. (2013) , see also Albrecher (2016) and Albrecher and Daily-Amir (2017) for including asymmetric information in the analysis.
Studies on decision making find that more options to choose from is linked with inertia. Decision makers tend to avoid taking a decision and stay with the current choice (see e.g., Samuelson and Zeckhauser (1988) ). Eling and Kiesenbauer (2011) and Hellier et al. (2003) suggest the number of different insurance models and the rate of complementary insurance holders as explanatory variables to the switching behaviour of the insureds. Frank and Lamiraud (2009) discover that the large number of plans, offered by a large number of players in the Swiss health insurance market, contributes to the relatively low switching rate and large premium differences. They find evidence that policyholders who stay with the same health plan provider for longer periods are less likely to switch plans, representing a certain degree of inertia. In another study on German health insurance, Wuppermann et al. (2014) test the effect of the number of available health insurance plans and their respective premium differences on the premium sensitivity of the insureds. They also find that insureds are less likely to switch to a lower priced plan when they have more plans to choose from.
In terms of linking customer satisfaction and loyalty to their service provider, conclusions are unclear. For example, Abraham et al. (2016) report that they did not find a connection between health plan satisfaction and switching behaviour, for which high switching costs are suggested as a possible reason. In the studies by Staudt and Wagner (2018) and Mau et al. (2018) , the authors analyse customer loyalty, the development of relationships and purchase in the non-life insurance market in Switzerland. They link purchase behaviour to the services and channels used. Among other factors to explain switching behaviour, Browne and Hofmann (2013) find evidence that low-risk policyholders are more likely to change health plans. In the Spanish health insurance market, Pinquet et al. (2011) find evidence that insufficient information about the available insurance plans causes the insureds to lapse.
In our research we aim to study the influence of premiums, group affiliation and service level on the switching behavior of policyholders in Swiss health insurance. Since cross-company records about individuals switching their insurer are not available, we consider the market share as response variable. We use data covering a period of 14 years, from 2002 to 2015, containing portfolio size, premiums and service level for each insurer in each of the 26 Swiss cantons. Applying linear regression models, the results suggest that the relative difference between insurer's premium and market premium represent a significant factor to explain changes in market share. The difference between the relative annual change in the premium and the relative annual change in the market premium is another significant factor while our study does not indicate a significant impact on market share changes from service level and group affiliation. We also establish that those sensitivities vary considerably among cantons. We find that residuals in the regression are rather two-sided lognormally distributed than normally distributed, and develop a corresponding statistical procedure for this case, which may be of interest in its own right.
The rest of the paper is organised as follows: Section 2 provides an overview of the Swiss Health insurance market, Section 3 then describes the research questions and the available dataset, discusses limitations and states the model assumptions. Section 4 contains the results and Section 5 concludes. Details on the methodology for our linear model with lognormal residuals are given in the Appendix A.
The Swiss Health Insurance Market
Buying a basic health insurance policy is compulsory for all Swiss residents since 1996 with the introduction of the Swiss Federal law on health insurance (see Swiss Confederation (1994) ). The law intended to deal with the increasing costs in the health sector while ensuring a high quality health system, promoting freedom of choice and solidarity. It determines a mandatory health insurance for all Swiss residents (Swiss Health Insurance Ordinance 832.102. (1995)) as a basic homogeneous cover with defined benefits (Swiss Health Insurance Benefits Ordinance 832.112. (1995) ), imposes reserve levels to ensure the financial stability of the insurers, forces the acceptance of every person as a client without screening and ensures the flexibility to change the insurance plan without switching costs (Theurl (1999) ). In terms of organization, although highly regulated, these social insurance plans are offered by private insurance companies. The law sets limits on premium discounts between plans (e.g., for deductibles chosen by policyholders) and forces the insurers to set premiums for each level of deductible in a way that the cover of the insurance expenses does not result in a planned profit. The government employs a risk adjustment scheme and transfers capital between insurers in order to balance the financial situation across insurers. In that way, insurers facing higher medical expenses due to their portfolio composition receive capital from insurers with a less risky pool of policyholders.
The governance of the health care system is done on a federal level by both the Swiss Federal Office of Public Health (SFOH) and the Federal Department of Home Affairs (FDHA), and on a cantonal level by the cantonal Departments of Public Health. The SFOH defines the mandatory health insurance benefit basket, regulates the insurers and approves their premiums annually. The FDHA defines up to three regions within a single canton for the premiums and sets the maximum differences between them (Ordinance of the Federal Department of Home Affairs on Premium Regions 832.106 (2015)). The cantons supervise the hospitals and finance part of their expenses. They also define premium reduction levels for households with lower incomes.
The 26 Swiss cantons differ considerably in terms of economic, political and demographic characteristics. Table 1 summarises some characteristics for the most populated cantons in each linguistic region with Zurich (ZH), Bern (BE) and Aargau (AG) from the German speaking region, Vaud (VD) and Geneva (GE) from the French speaking region and Ticino (TI) as the Italian speaking region as well as for the overall country (CH). For example, in 2016, the rate of population living in urban areas was 100% in Geneva and only 74.6% in Bern. The number of physicians in private practice per 100,000 people was more than twice as large in Geneva than in Bern. Differences like these lead to variations among the cantons in the market structure, premium levels, competition and switching rates.
An overview of the Swiss health insurance market is published every year by the SFOH and key financial figures for the years 1998 to 2015 are reported in Table A1 in the Appendix A. One can observe the reduction of the number of insurers, the large growth in premiums and expenditures and the operating results alternating through years with positive and negative results. In the following subsections we present the development since the introduction of the Federal health insurance law. 
Market Structure
The Swiss health insurance market is heterogeneous with insurance portfolio sizes ranging from very small regional insurers with a customer base of less than 5000 up to big insurers with a customer base of over 500,000 insureds. Like other health insurance markets, the Swiss market underwent a consolidation process since the introduction of the Swiss health insurance law (Robinson (2004) ). In 1996, the number of insurers offering health insurance was 145 and has reduced significantly in the last 20 years to a total of only 58 in 2015 (see Table 2 ) due to mergers and acquisitions of companies. The number of insurers with a customer base of up to 5000 reduced significantly from 90 in 1996 to 11 in 2015, whereas the number of insurers with a customer base greater than 100,000 has increased. Froidevaux and Kilchenmann (2016) suggest that insurers who offer low premiums receive many new affiliation demands, but as the state of health of newly insureds is not known, these insurers have to substantially increase their reserves to cover the unknown risk. They mention that this risk has put several insurers into financial difficulties in the past, among them mainly small and medium sized ones that targeted regional communities. Over the long run, some of these insurers have then been absorbed by larger competitors. Groups of insurers often have more flexibility and are able to offer larger premium ranges for different members in the group. Additionally, a group of insurers can consolidate the business by restructuring the group. In 2015, more than 50% of the insurers were either part of a group or related to a group by a collaboration contract, and these groups of insurers amount to 80% of the market (Froidevaux and Kilchenmann 2016) . As a result, the market share (in terms of number of insureds) of the insurers with more than 100,000 customers increased from 82% in 1996 to 92% in 2015 (see Figure 1 ). The insurers' market shares largely differ among cantons. As an illustration, Figure 3 shows the market shares in six cantons of the eight largest insurers in the respective canton per year between 2002 and 2015 where the largest insurer in each year is noted by 1, the second largest by 2 and the eighth largest insurer by the number 8. In GE, the total market share of the eight largest insurers grew from about 40% of the market in 2002 to 60% in 2015. In ZH, the market share is distributed more equally between companies. In VD, during the first years, the market share was more equally distributed, but in recent years, big insurers have captured large market shares, so that the market is mainly dominated by a few bigger insurers today. 
Premium Development 1998-2015
Naturally, the premium size may drive the insureds to switch their insurance plan. Since health expenditures keep growing, the insurers have to raise the premiums (see Table A1 ). The calculated average yearly growth (CAGR) is 3.68% between 1998-2015, whereas the yearly average premium raised from CHF 1754 in 1998 to CHF 3289 in 2015. In 2008, after five years of positive operating results and a reduction by 1% of required reserve rate (expressed as a percentage of the premium volume) by the authorities, the premium level has been reduced by 1% (see Comparis.ch (2008) ). However, in the years 2002, 2003 and 2010 the average growth in premiums was much higher than in the other years. One explanation for this increase is the negative balance between the collected premiums and the paid benefits in the years prior to the premium jump (see Table A1 ).
The population is aging with life expectancy increasing in Switzerland from 78.9 years in 1996 to 82.9 years in 2015 (World Bank (2017)) and the proportion of adults aged 26 or more in the population is growing (cf. Figure 4) , causing increasing health expenses.
The premiums are fixed by the insurers for each premium region in each canton. In each region, all residents of the same age group (below 18 years, 18-25 years and 26 plus years) pay the same premium per insurance plan and chosen deductible at the same insurer. Regulations do not allow premium discounts in the mandatory insurance scheme. To increase the choice for insureds and in addition to the deductible levels (CHF 300, 500, 1000, 1500, 2000 and 2500 for adults), insurers offer restricted models. The two main restricted models are the Health Maintenance Organization model (HMO) in which the policyholder agrees to always first consult a specified doctor based at the HMO centre and the family doctor model in which policyholders consult first their predefined family doctor who will refer them to a specialist if needed. Other models include the "Telmed" model in which the policyholder has to call a hotline for a first consultation and will then be referred to further treatment if needed. The purpose of these models is to limit medical care within a predefined network of doctors in order to lower health expenses and to offer lower premiums. According to SFOH data, in 1998 about 66% of the insureds in Switzerland had the standard basic insurance (with accident coverage and with the lowest possible deductible, which is CHF 300 since 2004) whereas in 2015 only 21.1% were covered by this insurance model. Against a background of ever rising premiums, the reduction in this share is linked to the fact that policyholders change towards a more restrictive plan to benefit from lower premiums. The proportion of insureds choosing the standard model (including accident coverage and deductible of CHF 300) per canton is available for the years 2001 to 2015 and is presented in Figure 5 . As mentioned above, insurers perform a premium differentiation by offering several levels of deductible for the three age groups and models with restrictions. Employees covered by accident insurance through their employer can buy the basic insurance without accident cover. These options result in many variations of the basic health insurance premiums (Colombo (2001) ). The average premium is calculated for each insurer as the total premium income divided by the number of insured from the data published by the SFOH. Although the law aims at increasing the competition between the insurers, the difference between the highest premium and the lowest one has not changed much ( Figure 6 ) and the maximum average premium is approximately twice as large as the lowest one. Leu et al. (2009) suggest that the premium differences among insurers are a result of poor risk adjustment schemes. Figure 7 shows the premium differences between the cantons. Leu et al. (2009) find a high positive correlation between the density of physicians and the premium level which explains to some extent the premium differences across cantons (see Table 1 ). 
Switching Behaviour of the Policyholders
In view of the strict regulation on the insurers and a defined catalogue of benefits, one might expect a strong price competition and high switching rates of the insureds to ensure paying the lowest possible premium. This could then be followed by convergence of the prices so that the difference between the lowest and the highest premiums would shrink over the years. However, as seen in Figure 6 the premium range does not change a lot over the years and the yearly estimated switching rate of policyholders published by SFOH are between 6.5-13% (see Figure 8 ). Note that in case of a merger between insurers, the insureds are counted as a new entries, although they do not have actively changed. Hence, the actual switching rates are expected to be even lower. Figure 8 also suggests a relationship between the average annual premium change and the switching rate.
Each year in September, the SFOH publishes the premiums for the coming year. At that time, each insured can compare the change in premium of the own contract with the average change of all insurers. Policyholders have time until the end of November to change their provider. The results of a survey among policyholders concerning their switching behaviour (Federal Statistical Office (2007)) suggest that 77% of the ones that changed their insurer, did so due to premium increases, with higher switching rates among those with a higher education level (5.5% against 3.6%). The linguistic region has an effect on the switching rates as well, with a 8% rate in the French speaking region and only a 2.9% switching rate in the Italian speaking region. In 2010, the consumer website Bonus.ch (2010) did a survey among 3700 insureds, where 80% of the customers who changed their insurer, did so in order to reduce their premium. Ortiz (2011) investigates three data sets of Swiss health insurance plans and their prices for the period from 2004 to 2010. His findings suggest that many policyholders do not perform a sufficient price optimisation when switching the insurer, resulting in choosing insurers with relatively high premiums. Wilson and Price (2010) suggest that even in a transparent and simple market, the ability of consumers to compare correctly between different suppliers is rather limited.
The satisfaction level in the health insurance market in Switzerland is very high (79%) and insureds do not switch insurers when they are satisfied with their current one (Thomson et al. (2013)). In the above mentioned survey from 2010 by Bonus.ch (2010), 4% of the insureds that changed their insurer declared that they did so due to a lack of satisfaction with the services.
In addition to the basic mandatory cover, insureds can buy a complementary insurance. Dormont et al. (2009) investigate the effect of existing complementary insurance on the switching behaviour. The results show some evidence that insureds who purchase a complementary insurance are more reluctant to switch the basic insurance provider. These results are supported by the survey from 2010 done by Bonus.ch (2010) , in which 13% of insureds responded that the main reason for them to stay with their current insurer is having a complementary plan.
Research Questions, Available Data and Model Assumptions

Research Questions and Variables
We would like to quantify the effect of selected factors on the insurer's market share and define the dependent variable DMS i,t,c as the absolute year-to-year difference of an insurer's market share with the one of the previous year, where i indicates the insurer, t the year and c the canton.
Premiums: Colombo (2001) conducted a study on the switching behaviour of the health insurance customers in Switzerland and his findings suggest that while service level appears as minor parameter supporting switching decisions, the premium level is the main motivation for customers to switch their health plan. Nevertheless, the results of that study show that in order to reduce their premium level, policyholders prefer to change their health insurance plan from the standard basic one to more restrictive ones (like HMO) from the same insurer. Following these findings and the surveys mentioned in Section 2.3, we want to test the significance of two different variables associated with the premiums. First, we perform a statistical test whether the annual changes in market share of insurers depend on the relative difference between the insurer's premium and the market premium, denoted by RDPM i,t,c . The first question hence is:
(Q1) Does a lower premium than the market premium come with a significant increase in the market share?
Secondly, we define DRPC i,t,c as the absolute difference between the insurer's relative annual change in the premium and the one of the market premium. We assume a positive relationship between premium increase and switching decisions:
(Q2) Is a higher relative annual increase in premium than in the market premium a significant driver of a decreasing market share?
Satisfaction: Although a satisfied customer is not necessarily a loyal customer, Berry (1995) claims that a good service level promotes the relationship with customers in service companies such as insurance. Anderson et al. (1994) find a positive effect of satisfaction and performance. We define an explanatory binary variable for the satisfaction of the policyholders SL i,t . Our third research question is:
(Q3) Do insurers with better customer satisfaction levels have significantly larger market shares?
Group: Companies that are members of a group have advantages such as knowledge sharing, reduced administrative expenses from scale effects and stronger marketing. Following various research findings such as Cummins and Xie (2008) , we want to test whether belonging to a group supports the insurer and allows to attract and retain more customers. We define a binary variable (GR i,t ) representing if the insurer is part of an insurance group or not. Our fourth question is:
(Q4) Does belonging to a group result in a significant increase of the market share?
Canton: As discussed in Section 2.3, the switching behaviour of the policyholders is related to demographic parameters such as language and education level. The language spoken is strongly linked to the cantons, i.e. we are interested in the following question:
(Q5) Do the independent variables significantly affect the market share of the insurers differently through the cantons?
We summarise the variables introduced above in Table 3 : The Swiss Federal Statistical Office publishes yearly reports, including data of the health insurance system in Switzerland. The available data for the years 2002-2015 include the premiums for different insurance models offered by the insurers in the different cantons, the size of the portfolio of each insurer per canton, the percentage of insureds with the basic standard model per canton and general statistics about the insured population including age and sex. For each of the 26 cantons and each year we consider the data from insurers with market share greater than 1% neglecting smaller insurers. We analyse a dataset containing a total of 6117 data points with an accumulated market share from 80% held by 16 insurers in Neuchâtel (NE) in 2003 to over 97% held by 22 insurers in Schaffhausen (SH) in 2014. The number of retained insurers per canton and per year varies from 10 in the canton Appenzell Innerrhoden (AI) in 2002 (total market share of 96%) to 25 insurers in BE in 2008 (total market share of 95%). More specifically, in GE and VD, the number of insurers with market share greater than 1% decreased by 3 between the years 2002 to 2015 while in the German cantons, the number increased by 3. In TI, the number increased from 17 insurers in 2002 to 22 in 2008, before decreasing back to 17 in 2015.
In our work, we only consider the basic standard insurance model including accident cover and a deductible of CHF 300 for the group of adults aged 26+ years. From the data, we calculate:
•
The Market Share (MS i,t,c ) per insurer, year and canton as the size of an insurer's customer base divided by the population in the canton.
The Market Premium (MP i,t,c ) for insurer i as the weighted average premium (with market shares) of all the other insurers in the market per year and canton.
The absolute year-to-year change in market share DMS i,t,c = MS i,t,c − MS i,t−1,c as the difference between the current year market share and the one of the previous year per insurer, year and canton.
The relative difference between the insurer's premium and the market premium (RDPM i,t,c ) as the difference between the current year premium (P i,t,c ) and the current market premium (MP i,t,c ) divided by the current market premium, i.e.
The difference between the relative annual change of the insurer's premium and the relative annual change in the market premium (DRPC i,t,c ) per insurer, year and canton, which is defined by
Annual consumer satisfaction reports are published by (Bonus.ch 2010; Comparis.ch 2002 Comparis.ch -2015 Comparis.ch , 2008 ) and include a calculated grade for each of the ranked insurers based on customer satisfaction. Generally, the policyholders are satisfied with their insurers and give relatively high grades for the service level with averages ranging from 4.80 to 5.03 out of 6 over the years. We assigned a binary satisfaction level variable (SL i,t ) with 0 (=low) for all non-ranked insurers and defined it as our baseline. The ranked insurers are all given a ranking grade of 1 (=high). Since the source for available satisfaction reports varies over the years and not all insurers are ranked, the reliability of these data is lower. This is why we remain with only using a two-level rating.
The group affiliation variable (GR i,t ) is binary and is assigned using information from insurers' websites and reports. Our baseline value is 0 for insurers that are not affiliated to a group.
Before proceeding with the analysis we would like to mention some limitations of our data:
Information about market events such as mergers and acquisitions are not included.
Our data includes only the total number of insureds per year per insurer per canton mixing all available insurance models so we use the market share (MS i,t,c ) as an estimation of the insurers' cantonal market share. This is relevant since for the premium level we remain with using the standard model premium for reference.
The yearly switching rates between insurers are unknown and there is no information about the number of policyholders that change their insurance model within the same insurer. Table A2 in the Appendix A presents descriptive statistics of the variables for the entire dataset. We give the mean of the market share for each year which ranges between 5.2-6.3% and basic statistics (the mean, minimum, maximum and standard deviation) of the dependent variable DMS i,t,c , the explanatory variables RDPM i,t,c and DRPC i,t,c as well as SL i,t and GR i,t .
Descriptive statistics
We suggest that some of extremal values in DMS i,t,c can be explained by specific events in the market like mergers and acquisitions of insurers, reduction in financial reserves below the required level which results in an important raise in premiums or the restructuring of an insurance group. The minimum and maximum yearly values of DMS i,t,c are in 2010 and 2011 with both years having high switching rates (see Figure 8 ). 2010 was a year with high increases in premiums while between 2010 to 2011 the number of insurers has reduced from 81 to 63. These events partially explain the extremal values of DMS i,t,c in 2010 and 2011.
The minimum yearly values of RDPM i,t,c are between −0.182 to −0.245. Some insurers offer an attractive premium with average RDPM i,t,c over all cantons and all years of −12%. Other insurers set premiums above average with an average value of RDPM i,t,c of 14%. Groups of insurers often offer different premium ranges for the basic health insurance. For example, in one group, two insurers may offer different premiums for the basic standard model with one being significantly higher than the market premium and the other one being lower than the market premium.
Reduction in financial reserves below the required level can result in an important raise in premiums in the following years. The largest observed DRPC i,t,c is 32% in 2013 when an insurer fell below the statuary reserve ratio and had to increase premiums by up to 34% in canton Nidwald (NW) while the market premium increased by only 2%. Unexpected increases in claims or administration costs can be another reason for a significant rise of premiums. Such has happened in 2012 in canton Zug (ZG) with one insurer raising premiums by 20%. In 2015, the minimum value of DRPC i,t,c is −22% for an insurer that reduced premiums in the canton Obwalden (OW) by 16% while the market premium increased by 6%.
Cooperation between insurers in the same group and mergers and acquisitions might be related to extremal values as well. In 2003, a ZH based insurer joined an insurers' group and while its market share reduced in the canton by 30%, another insurer from the group increased its portfolio size by a factor of 5 from 4900 insureds in 2002 to 24,500 in 2003. In 2009, a merger of a Luzern based insurer with another insurance company increased the market share by 3.69 in the canton.
When we plot RDPM i,t,c and DRPC i,t,c versus DMS i,t,c for all Switzerland (Figure 9a,b) , one can observe that the relationship is not linear. One possible explanation is that the plot mixes data points from all cantons and that the influence of the variables on the market shares differs in different cantons, in a superposition of different slopes. The value of the correlation coefficient between DMS i,t,c and RDPM i,t,c is −0.420 and between DMS i,t,c and DRPC i,t,c the value is −0.266 for the 6117 data points. Figure 10 presents the relationship between RDPM i,t,c and DMS i,t,c for six selected cantons. Indeed, on the canton level the relationship turns out to be more linear, with the slopes differing across cantons. In fact, French cantons have a steeper slope than others, indicating stronger reactions by insureds in those regions. A similar picture occurs when plotting DRPC i,t,c versus DMS i,t,c (Figure 11) , with again more pronounced slopes for the French cantons. Overall the distribution of the SL i,t values through all 26 cantons is shown in Figure 12a . The variation in the distribution between the cantons can been seen with ZH and TI having over 85% data points of high ranked insurers and only 15% of low ranked insurers. BE has more than 28% data points of lower ranked insurers. One explanation could be that the insureds in BE are more sensitive and critical to service level. Figure 12b shows the percentage of data points of insurers with group affiliation per year from 2002 to 2015 (variable GR i,t ). The percentage of insurers that are not affiliated with a group reduced during the years from 47% in 2002 to 27% in 2015. 
Regression Models
To address the research questions (Q1) -(Q4), we first construct a set of linear models (R1). As the number of data points is limited for each canton, we define (R1) with single regressions testing the hypotheses of a linear relationship one by one, namely that the difference in market share (DMS i,t,c ) depends on the relative difference between the premium and the market premium (RDPM i,t,c ), the difference between the relative annual change in the premium and the market premium (DRPC i,t,c ), the service level (SL i,t ) and the group affiliation (GR i,t ) in a significant way. To see the influence of the cantons on the outcome (Q5), we run the regression for the six selected cantons separately. We define (R1) as: ) where β 0 is the intercept, β j is the coefficient for the independent continuous variables RDPM i,t,c , DRPC i,t,c and the binary categorial variables SL i,t and GR i,t and i,t,c are error terms.
Secondly, we propose a multivariable linear model (R2) including both continuous premium-related variables:
Here β 0 is the intercept, β j are the coefficients for the independent continuous variables RDPM i,t,c and DRPC i,t,c , and i,t,c are error terms. Figure 13 shows the histogram of DMS i,t,c for the entire dataset together with a normal and a two-sided lognormal fit. Clearly the normality assumption is violated, and the two-sided lognormal assumption seems to be a much better description for the data. For a quantitative comparison in terms of AIC on the resulting residuals, we refer to Section 4. We therefore suggest to perform the linear regressions (R1) and (R2) with two-sided lognormally distributed residuals. The corresponding needed statistical methodology seems not be available in the statistical literature and is hence given in the Appendix A. In Section 4 we compare the results and Q-Q plots of the residuals from the regressions with normal residuals and with the two-sided lognormal residuals. We will see that for individual cantons the normality assumption is better fulfilled, however, the regression with two-sided lognormally distributed residuals turns out to fit better in these cases as well. 
Histogram of g
Testing the Regression Models and Results
First we test the classical regression with normally distributed residuals. The results for model (R1) with normal residuals are presented in Table A3 in the Appendix A including the coefficients with their standard deviation and the adjusted R 2 as the criterion for goodness of fit. They show that the explanatory variables, RDPM i,t,c and DRPC i,t,c , are very significant in the six cantons and for Switzerland. Service level and group affiliation are not significant explanatory variables in most of the cantons.
We also conduct a linear regression analysis with normal residuals for the multivariate regression model (R2) with RDPM i,t,c and DRPC i,t,c as explanatory variables in the selected cantons and for the entire dataset and we report the results in Table A4 including the variable coefficients (β), the significance level with standard deviation (in brackets), the standardised coefficients (Std.β), the adjusted R 2 and number of observations. Both explanatory variables are very significant, nevertheless a comparison of their coefficients shows that the standardised coefficients of RDPM i,t,c are higher than the ones of DRPC i,t,c which suggests that a change in RDPM i,t,c has a higher effect on DMS i,t,c than a change in DRPC i,t,c . The coefficient values vary as a function of the canton with highest values in GE and lowest in AG. The adjusted R 2 values are higher than in the set of single regressions and are between 16.8% in AG and 35% in GE and ZH.
The analysis of the residuals from the regression with the entire dataset of Switzerland (see Figure 14a ) confirms that the normality assumption is not met in this case, so the validity of the results is non-satisfactory. For the individual cantons (see Figure 14b for TI as an example), the results show a better agreement to the normality assumption. In order to enhance the credibility of the findings, we conduct the linear regression (R2) with two-sided lognormal residual distribution (according to the procedure outlined in the Appendix A) and we report the results in Table 4 including the variable coefficients and their significance. We verify the significance levels of the explanatory variables with N sim = 5000 (see Appendix A). Observations  283  293  184  259  228  268  6117 The reported values show the regression coefficients with significance code. Significance codes: * p < 0.1; * * p < 0.05; * * * p < 0.01; N sim = 5, 000.
The analysis of the residuals in the case of the entire dataset of Switzerland (Figure 15a ) confirms the excellent fit of the two-sided lognormal model with AIC = −47,257 compared with −42,120 under the normality assumption. Figure 15b shows the Q-Q plot of the residuals for TI (as an example for the performance on the cantonal level) and confirms a better fit than the model with normal residuals (compare with Figure 14b ). The two-sided lognormal model fits the data better in the other individual cantons as well. When considering the results from the regressions with normality assumption and two-sided lognormal assumption, we notice that:
• RDPM i,t,c , the relative difference between the insurer's and the market premium, is the most significant explanatory variable with very high significance level in all cantons and with the aggregated data for all Switzerland in both regressions. The coefficient values of RDPM i,t,c are always negative which indicates the negative relation between the dependent variable DMS i,t,c and the explanatory variable RDPM i,t,c . The coefficient values with normal residuals are always higher (in absolute value) than the ones with the two-sided lognormal residuals. • DRPC i,t,c , the difference between the insurer's and market annual premium change, is a significant explanatory variable with negative coefficient values, meaning that a larger value of the difference between the relative change in annual premium and the relative change of the market premium causes a diminution in market share. However, for the model with two-sided lognormal residuals, in AG the DRPC i,t,c is not a significant explanatory variable and the coefficient value is only -0.0033 compared to -0.0195 under the assumption of normal residuals.
•
The intercept of the multivariate regression (R2) has positive values in GE and VD and negative values in the German cantons. As the number of insurers in GE and VD reduced along the years of our study, naturally, even with zero values of the explanatory variables, the insurers' market shares grow and vice-versa for the German cantons.
We summarise the results in the following: The relative difference between the insurer's and the market premium is the most significant variable and the coefficients of RDPM i,t,c have negative value.
A lower premium than the market premium can hence be seen as a significant driver of increasing market share, cf. (Q1). Further the difference between the relative annual change in the insurer's premium and the relative annual change in the market premium is a significant explanatory variable with negative coefficient values. Higher relative annual increase in premium than the market premium thus significantly leads to decreasing market shares, giving an affirmative answer to (Q2) for the data set under study. As for (Q3), the study on our data suggest that satisfaction level is not a significant variable in this context. Concerning (Q4), group affiliation does not seem to affect the dependent variable. Finally, as a response to (Q5), the regression results differ among the cantons which suggests that the canton is a relevant factor.
Concluding Remarks
The Swiss health insurance market has changed dramatically in the years since the introduction of the mandatory health insurance in 1996. The number of insurers offering health insurance plans decreased extensively from 145 insurers in 1996 to 58 in 2015 and the annual premiums increased from an average annual premium of CHF 1917 in 1996 to CHF 3286 in 2015. We analyse the effect of different variables such as premium, satisfaction level and group affiliation on the market shares of the insurers in the different cantons. We define a model with the market share as dependent variable and four explanatory variables and study their significance in data of the mandatory health insurance for the years from 2002 to 2015.
Our regression results support the intuition that the difference between the insurer's premium and the market premium is strongly negatively correlated to the market share. Our results also suggest a significant impact of premium change from one year to another. Satisfaction level, however, can not conclusively be confirmed to be statistically relevant. One explanation can be that customers in Switzerland are in general satisfied with their insurer and the small differences in satisfaction levels do not affect the market shares much. Our findings also suggest that belonging to a group of insurers does not result in a significantly higher market share. Note that as a particular by-product of our study the numerical values of the obtained coefficients in the regression models helps to assess the sensitivity of the market on the various drivers.
If one has reasons to believe that the explanatory variables in the regression analysis are subject to a considerable amount of noise, one could also implement a non-parametric bootstrap procedure as for instance suggested in Pešta (2013) , which we leave for future studies. Additional investigation of other explanatory variables such as age, education level, health status and possession of complementary insurance is suggested for future research according to the availability of such data. As the available panel dataset is growing every year with the publication of new data, it will be possible to add explanatory variables without the risk of overfitting the models. 
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Appendix A. A Regression Model with Two-Sided Lognormal Residuals and Its Estimation
Data sometimes exhibit a linear relation between variables to a satisfactory degree, but instead of normally distributed residuals, the latter follow another distribution. For non-normally distributed residuals within the context of risk modelling see e.g., Prettenthaler et al. (2012) . In the context of the application in this paper, it turns out that two-sided lognormally distributed residuals provide an excellent fit. Therefore, we develop a regression model which can be fitted to data that exhibit two-sided lognormally distributed residuals.
More specifically, let us consider a p-dimensional vector of independent variates X and a real-valued response variable Y. We propose the model
where β is a p-dimensional vector of slopes and ε µ is a random variable with density
where Φ is the standard normal cumulative distribution function. Such a density arises naturally when considering the density of the transformation e N+µ , where N is a standard normal random variable, and then reflecting it at its mode, and finally centering it such that the symmetry point is the origin.
Observe that a direct consequence of this construction is that it has mean zero. Another consequence is that the tails on both sides of the origin are heavy-tailed, with lognormal behaviour. We hence denote the above density as a two-sided lognormal density, with the name carrying over for the variable ε µ , the cumulative distribution function F µ (x) =
x −∞ f µ (y) dy, and so on. We are interested in the estimation of the slope parameter vector β above. For the fitting of a Gaussian linear model, least squares are used, which coincides with maximum likelihood estimation. Here, we adopt the maximum likelihood approach as well, but now the geometrical interpretation of least squares is lost, due to the form of the density f µ . Given some observed covariates x = (x 1 , . . . , x n ), where each x i is a p-dimensional vector, and variates y = (y 1 , . . . , y n ), where each y i is a real number, the likelihood of the model for the parameters β and µ is given by
and the maximum likelihood estimates are ( β, µ) = arg max (β,µ) L(β, µ|x, y), which can be computed numerically.
Appendix A.1. Testing Significance between Nested Models
Whenever two nested models, with resulting maximum likelihood estimators ( β 0 , µ 0 ), ( β 1 , µ 1 ), dim( β 0 ) = q < p = dim( β 1 ), are fitted, it is of importance to know the significance of the additional parameters in β 1 with respect to the more basic model. The way this is done for Gaussian errors is by regarding the simpler model as true, and under this assumption determining the distribution of the extra parameters in the more complicated model. The resulting distribution helps to assess how likely it is to see parameters of the magnitude that were estimated (or even larger), obtaining in such a way a p-value. Presently, the distribution of the extra parameters given the simpler model is complicated to obtain, so we use Monte Carlo simulation. Furthermore, given an estimator β 1 , testing for the significance of a single entry of the vector, say,β 1 (i), i ∈ {1, . . . , p}, is equivalent to fitting a model without that entry, and comparing that simpler model with the full model. That is, regarding the q = p − 1-dimensional model as true, and determining the distribution ofβ 1 (i) for the p-dimensional model, such that we can say how likely it is to observe a value such asβ 1 (i), or of larger magnitude. Since this is the most common and directly interpretable way of assessing significance, we describe the Monte Carlo algorithm only for q = p − 1. Analogous algorithms can be deduced for q < p − 1, but significance intervals must then be replaced by suitable significance regions. Adjusted R 2 0.0118 0.0108 −0.0039 −0.0032 −0.0033 −0.0001 0.0080
Group affiliation (baseline: No)
Yes −0.0004 (0.0008) −0.0015 * (0.0008) 0.0001 (0.0021) 0.0012 (0.0009) −0.0012 (0.0016) −0.0007 (0.0006) −0.0014 *** (0.0002) Intercept 0.0002 (0.0007) 0.0008 (0.0006) 0.0001 (0.0018) −0.0010 (0.0008) 0.0014 (0.0013) 0.0005 (0.0005) 0.0007 *** (0.0002) Adjusted R 2 −0.0028 0.0081 −0.0055 0.0025 −0.0019 0.0009 0.0062
Observations 283  293  184  259  228  268  6117 Significance codes: * p < 0.1; * * p < 0.05; * * * p < 0.01. The reported values show the regression coefficients with standard deviations in brackets and the standardised values with significance code. Significance codes: * p < 0.1; * * p < 0.05; * * * p < 0.01.
